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The ability to make associations between causal cues and outcomes is an
important adaptive trait that allows us to properly prepare for an upcoming event.
Encoding context is a type of associative processing; thus, context is also an important
aspect of acquiring causal relationships. Context gives us additional information about
how two events are related and allows us to be flexible in how we respond to causal cues.
Research indicates that older adults exhibit an associative deficit as well as a deficit in
contextual processing; therefore, it seems likely that these deficits are responsible for the
deficit in older adults’ causal learning. The purpose of the current study was to more
directly test how associative deficits related to older adults’ contextual processing affect
their causal learning. Based on past research, it was hypothesized that older adults would
be less likely than younger adults to acquire and use contextual information in causal
learning. A causal learning scenario from Boddez, Baeyens, Hermans, and Beckers
(2011) was used to test the hypothesis that older adults show deficits in contextual
processing in a causal learning scenario. This task examined contextual processing using
blocking and extinction. Participants went through eight blocks of trials in which they
were exposed to various cues and outcomes. They provided expectancy ratings that
indicated how likely they believed an outcome was to occur, and these ratings were used
to assess age differences in use of contextual information in a causal learning scenario.
As expected, both younger and older adults demonstrated blocking in that they assigned
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higher causal value to a previously trained target cue (A+) than to another cue (X) that
was only presented in compound with cue A later in the task (i.e., AX+). Additionally,
when tested in the context where the association was originally learned following
extinction training (i.e., A-), the causal value of cue A decreased for all groups, even if
extinction training took place in a different context. However, ratings for cue A decreased
even more for younger adults whose extinction training took place in a different context
when tested in their extinction context.
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Introduction
Every day we make associations between causal cues and outcomes and use them
to guide our behavior. This ability to acquire a relationship between given events is an
important adaptive trait. Predicting an outcome based on a cue allows us to properly
prepare for an upcoming event. Causal cues do not guide our behavior alone though. The
context in which these cues occur gives us flexibility in how we respond to them. For
example, imagine when you drive up to a yellow light, you typically drive through it.
However, at one specific intersection, there is always a police car parked nearby, so at
that intersection you always stop. In this case, the police car acts as the context and
allows you to adapt your behavior not only to the cue (yellow light), but also to the cue in
its specific context (police car). The purpose of the current study was to more directly test
how age differences in the use of contextual information affect older adults’ causal
learning. Based on past research (e.g., Old & Naveh-Benjamin, 2008), it was
hypothesized that older adults would be less likely than younger adults to use contextual
information in causal learning.
Both associative processes and context are important for acquiring and using
causal relationships to guide behavior. An association is a connection between
representations of two events, such that the occurrence of one of those events activates
the representation of the other (Domjan, 2010). Associations allow us to combine simple
stimuli into more complex ideas. There are three basic principles for establishing an
association: 1) contiguity, 2) similarity, and 3) contrast (Domjan, 2010). The principle of
contiguity is the most prominent in classic and contemporary research on associations,
and it simply states that if two events occur in conjunction repeatedly spatially or
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temporally, then they will become associated. Additionally, associations will be made if
two things share a characteristic (e.g., both items are red) or if they have some contrasting
characteristic (e.g., one is strikingly tall and another is strikingly short). The similarity
principle is backed by modern research on learning (e.g., Rescorla & Furrow, 1977), but
there is no contemporary evidence to support the contrast principle. Other factors that
affect the formation of an association include the intensity of the stimuli, how frequently
the association occurs, and the similarity to past associations (Domjan, 2010).
Along with the three aforementioned associative principles, context is also crucial
to the formation of associations because there is often not enough information based on
two events alone to determine how they are related. For example, imagine a patient is
being treated for unknown illness X and a blood test shows that chemical Y has been
found in their blood. Based solely on the co-occurrence of these two events, it is
impossible to determine how they are related. Context is needed to determine whether the
chemical is a cause or a side effect of the illness. Because it is important to learn how
events are related and the events alone do not necessarily provide enough information, it
is reasonable to assume that people will use as much contextual information as possible
to make sense of the environment.
Aging and Associative Learning and Memory
Most modern cognitive theories of associative learning center on the concept of
association formation (De Houwer, 2014). According to such theories, consistencies in
the presence of two events (or any sort of item, stimulus, etc.) can result in an association
between the mental representations of those events. Thus, once an association has been
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forged, the presence of one event not only activates the representation of that event but
also the representation of the other event.
As we get older, we experience a decline in associative processes, and age
differences are seen in associative learning tasks. For example, Salthouse (1994) required
participants to learn to associate pairs of symbols. During each trial, participants were
exposed to one symbol and had to learn which symbol it was paired with from a selection
of six different symbols. The task ended once participants got three successive sequences
completely correct or after the administration of ten sequences. Salthouse found that, in
relation to younger adults, older adults took more trials to reach the criterion of learning
(i.e., three successive sequences) and also got a smaller percentage of trials correct. The
age deficit in this associative learning task was due largely to the fact that older adults
failed to retain information about previously correct responses. Additionally, in Lee,
Archer, Wong, Chen, and Qiu’s (2013) study, participants took part in a visual pairedassociates learning task in which they had to learn pattern sequences. There was a
significant negative correlation between age and associative learning scores, such that as
age increased, the number of associations correctly identified decreased.
Age differences are also seen in implicit learning tasks such as higher-order
sequence learning that involve extracting complex temporal and predictive relationships
between co-occurring stimuli. Implicit learning occurs when individuals become sensitive
to associations without intending to do so. In Howard et al.’s (2004) study, participants
were exposed to an alternating serial response time task in which pattern trials alternated
with random trials in a lag-2 or lag-3 structure. Learning was measured by the differences
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in reaction time and accuracy for pattern trials compared to random trials. Howard et al.
found that older adults did not learn as much as younger adults.
Research by Naveh-Benjamin and others (e.g., Bastin & Van der Linden, 2006;
Naveh-Benjamin, 2000; Naveh-Benjamin, Guez, Kilb, & Reedy, 2004; Naveh-Benjamin,
Hussain, Guez, & Bar-On, 2003) consistently shows that older adults have a deficit in
associative memory. Naveh-Benjamin (2000) had participants study word-nonword pairs
and then administered item and associative recognition tests. In item recognition,
participants were given lists of individual words and nonwords, and they were instructed
to identify the ones they saw during the study phase. In associative recognition,
participants were instructed to identify the intact word-nonword pairs from the study
phase. In comparing memory for item and associative relationships, older adults showed
a significantly larger deficit for associative relationships compared to younger adults.
Naveh-Benjamin et al.’s (2003) study extended this line of research by examining
whether age differences were also seen with picture stimuli. It has been suggested that
pictures help form a more distinct and cohesive representation of information. If true,
older adults should not show as much of a deficit with picture pairs as compared to word
pairs. However, older adults again showed an associative deficit.
One explanation for the age-related deficit in associative processes is the
associative deficit hypothesis (Naveh-Benjamin, 2000). This hypothesis asserts that older
adults’ deficiency in learning and memory is due to their inability to form and retrieve
links between pieces of information. The associative deficit hypothesis states that
although individual components of an association can be memorized to a reasonable
degree, older adults have difficulty merging individual units into one cohesive unit. This
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framework predicts an interaction between age and test type (item versus associative),
such that age differences between younger and older adults will be greater for associative
information. In fact, research shows that older adults do not encode and store associative
information as well as younger adults (e.g., Naveh-Benjamin, 2000; Naveh-Benjamin et
al., 2003, 2004). In Naveh-Benjamin’s (2000) study, encoding was manipulated through
instruction type (i.e., participants were instructed to study either items or pairs) and
retrieval was manipulated by test type (i.e., item or associative). Because older adults
showed a deficit regardless of the instructional manipulation, it is likely that an agerelated associative deficit is due to problems with both encoding and retrieval.
Aging and Contextual Processing
There are a variety of types of associations, such as an association between two
items as discussed above. Associations are also formed between an item and its context,
or between two contextual features. Context information is “incidental information about
the environment” in which target information (i.e., the to-be-remember stimuli) is
presented (Sakai, Isarida, & Isarida, 2010, p. 743). For example, when trying to
remember a word list, context could include any aspect of the font, such as size, color, or
type, or the spatial location of each word on the list. Context can be defined in many
ways. For instance, context is often defined in temporal or spatial terms; that is, when the
information was presented or where the information was presented. The ability to process
context is important, especially in circumstances where there is strong competition for
response selection, such as when the natural response must be inhibited (Braver, Satpute,
Rush, Racine, & Barch, 2005). Treating a cue differently based on its context also gives
us flexibility in our behavior.
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Research has shown that older adults have trouble binding pieces of contextual
information into complex memories (e.g., Chalfonte & Johnson, 1996). For example,
while older adults are as able as younger adults to remember individual pieces of
information (e.g., colors or objects), they are unable to bind the two pieces of information
together (i.e., they are unable to bind a target item with its color). Associative memory
deficits have likewise been shown in older adults for face—name pairs (e.g., NavehBenjamin et al., 2004) and face—spatial location pairs (e.g., Bastin & Van der Linden,
2006).
If context information is linked to the to-be-remembered information during
encoding, remembering this context information can help retrieve target information by
making it more accessible (e.g., Standing, Bobbitt, Boisvert, Dayholos, & Gagnon, 2008;
Thomson & Tulving, 1970). For example, when trying to remember something someone
told you, it is helpful to think of where the conversation took place. Indeed, matching
contexts during study and test helps associative memory. In Dulsky’s (1935) study,
younger adults performed better on a paired associates task when the background color of
each pair was consistent during study and test phases. Dulsky offered two explanations
for why a contextual mismatch can cause a deleterious effect on memory. One
explanation claimed that because features of the environment become associated with the
to-be-remembered information during study, the absence of those features at test results
in poorer recall. A second explanation asserted that the absence of the old study features
does not exert an effect, but rather, a new context at test will disturb the individual,
resulting in reduced recall. However, these explanations seem to be more complementary
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rather than two separate explanations for the deleterious effect contextual mismatch has
on memory.
Older adults do not experience age-related memory decline in all types of
information to the same extent, but contextual memory especially deteriorates (e.g.,
Braver et al., 2005; Kessels, Hobbel, & Postma, 2007). Indeed, it has been indicated that
older adults’ memory deficit is significantly greater for contextual information than
content information (e.g., Spencer & Raz, 1995). Glisky, Rubin, and Davidson (2001)
tested younger and older adults for their memory of voices and memory for sentences
spoken by particular voices, and they found that while both age groups performed better
on item memory (i.e., recognizing voices only) than context memory (i.e., recognizing
sentences spoken by particular voice), the age deficits for both were significant as well.
Memory for temporal and spatial context has also been shown to consistently
decline with age. For example, in Fabiani and Friedman’s (1997) study, trials testing
memory for temporal context and trials testing recognition memory were interspersed
with study trials in a continuous sequence of pairs of line drawings of common objects.
On recognition test trials, participants were asked to determine which of two items had
been seen most recently, when in actuality only one of the items had been presented
before. On recency trials, participants had to determine which of two previously seen
items had been presented more recently. The number of trials between the first and
second stimulus on a test trial was manipulated to vary task difficulty. They found that
older adults performed at chance level for temporal information for the picture sequence
regardless of lag, whereas memory for target pictures remained unaffected.
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Kessels, Te Boekhorst, and Postma (2005) examined younger and older adults’
memory for spatial context. Their participants studied pictures of five different rooms to
learn locations of ten objects in each picture. They found that older adults showed a
decline in the ability to remember the spatial context of the objects. Additionally, Pezdek
(1983) tested target memory of objects and contextual memory for locations of objects by
presenting participants with a 6 x 6 grid that was filled with 16 objects in various boxes.
The results indicated that older adults did not perform as well as younger adults on a
measure of spatial context recall. Similarly, Kessels et al. (2007) tested participants for
target memory of objects, contextual memory for positions, and binding of target-context
features. Younger and older adults were presented with pictures of seven common objects
located in various boxes of a 5 x 5 grid, which they had to examine in order to memorize
a specific aspect of the objects (i.e., target information of object only or position only or
context information of object – position or object – order). The results indicated that
while there was age-related decline on all conditions, an age deficit was especially
apparent for both spatial context for where the object was presented in the grid and
temporal context for the serial order of the presentation of the objects.
Despite the variety of ways in which context can be operationalized, research
converges on the idea that older adults do not process context information as well as
younger adults. This age-related decline in context processing could be due to deficits in
various brain structures. For example, the hippocampus plays an important role in the
processing of context information (Chun & Phelps, 1999), and fMRI research has
indicated that older adults show hippocampal deficits. Additionally, the frontal lobes are
important to source memory, and the results of Glisky et al.’s (2001) study showed that a
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subset of older adults who had a source memory deficit were also likely to show below
average frontal lobe functioning relative to the general older adult population.
Aging and Causal Learning
The Rescorla-Wagner model (Rescorla & Wagner, 1972) is an influential model
of associative learning that has been applied to human causal learning. This model states
that cues that are present in the environment compete for the limited amount of
associative strength supported by an outcome and that the associative strength of a cue
increases when followed by an unexpected response or decreases when followed by an
expected response (Mutter, DeCaro, & Plumlee, 2009). Additionally, cue competition
refers to the fact that responding to a cue is not only reliant on the association between
that cue and its outcome, but also upon other cues that are present during training of the
target cue (Boddez et al., 2011). In studies on contingency learning, individuals are
typically asked to determine the extent to which certain cues are associated with certain
outcomes. Figure 1 below shows the possible combinations of cue – outcome
presentations. In each scenario, both the cue and the outcome could either occur or not
occur. Cell A indicates when both the cue and outcome occur. Cell B indicates when the
cue occurs but the outcome does not. Cell C indicates when the cue does not occur but
the outcome does. Cell D indicates when neither the cue nor the outcome occurs. If the
probability of the outcome occurring is greater in the presence of the cue than in its
absence, then the contingency is positive, or generative. On the contrary, if the
probability of the outcome occurring is greater in the absence of the cue than in its
presence, then the contingency is negative, or preventative. If the probabilities are equal,
then there is a non-contingent relationship.
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Outcome
O
Cell A

C
Cue

CO
Cell C

~C

~O
Cell B

C~O
Cell D

~CO

~C~O

Figure 1. A 2 X 2 contingency table. The variables in the cells represent the possible
combinations of co-occurrence for cue – outcome presentations.
Research indicates that little to no age deficit is seen in generative causal learning
contingencies but identifying preventative contingencies becomes more difficult with
age, (e.g., Mutter & Plumlee, 2009; Mutter & Williams, 2004). For example, Mutter and
Williams (2004) asked participants to judge the relationship between pressing the
spacebar button and the appearance of a triangle on the computer screen. In this task,
participants were given seven blocks of trials and each block consisted of a positive
contingency, a negative contingency, or a non-contingent relationship. Older adults’
contingency estimates were less accurate than young adults’ overall, but especially for
negative contingencies. Additionally, Mutter and Plumlee (2009) used a feature analytic
procedure to determine if the age differences in causal judgments for negative
relationships compared to positive relationships were due to differences in younger and
older adults’ integration of contingency evidence. In this experiment, participants were
presented information about generative, preventative, and non-contingent relationships in
summary form and meaningfulness of the causal context was varied to induce
participants to integrate greater or lesser amounts of information. They found that in an
abstract context (i.e., the cue is simply “Event E” and the outcome is “Event O”), there
were no age differences in causal judgments, but for meaningful contexts (i.e., a “social”
context where the cue is whether a person has a certain personality trait and the outcome
10

is whether they initiate conversation with a stranger, or a “natural” context where the cue
is whether fertilizer is applied and the outcome is whether or not a plant blooms), young
adults’ judgments were more accurate than older adults’ for preventative relationships
(Mutter & Plumlee, 2009).
The age difference in generative and preventative causal learning could be due to
the important role of context in causal contingencies. In generative causal learning, the
relevant cues are present in the environment and contextual information is not necessary
to retrieve the representation of these events so an association can be formed (i.e., Cell A
and Cell B in Figure 1 above). However, preventative causal learning requires the
formation of an association between the representation of an absent cue and the outcome
(i.e., Cell C and Cell D in Figure 1 above). In order for this to occur, on the occasions
where the cue occurs without the outcome, it must be associated with the environmental
context. Then when the cue is absent, the context can prompt the retrieval of the
representation of the absent cue into memory so the association with the outcome can be
formed.
In addition to contingency, contiguity is also important in determining causal
relationships. Contiguity refers to proximity of the cue and outcome. Research indicates
that as the amount of time between a cue and an outcome increases, strength of causal
ratings systematically decreases (e.g., Shanks & Dickinson, 1991; Shanks, Pearson, &
Dickinson, 1989). For example, a delay of two seconds between a cue and outcome
results in significantly lower contingency ratings than the actual contingency, and a four
second delay results in individuals stating that a contingent relationship is non-contingent
(e.g., Shanks & Dickinson, 1991; Shanks et al., 1989). Younger adults use temporal
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contiguity to assess both generative and preventative causal contingencies. However,
temporal contiguity moderates older adults’ generative causal ratings, but not their
preventative ratings (Mutter et al., 2009). One explanation for this is that even with short
delays, older adults have difficulty maintaining activations of preventative cue
representations long enough to form an association.
Using context information is crucial to resolving cue competition in patterning
discrimination. In Mutter and Plumlee’s (2014) patterning study, participants took on the
role of an anthropologist who needed to learn to predict which Western foods (cues)
caused an aversive reaction (outcome) in a group of natives from South America. Each
block of trials consisted of a positive pattern or a negative pattern. In positive patterning,
an outcome is more likely to occur after a compound cue than either of the single cues in
the compound. In negative patterning, an outcome is more likely to occur after a single
cue than a compound cue composed of the single cues. In order to learn such
discriminations, it is critical to use context information regarding whether cues are
presented alone or in compound. In this study, older adults did not achieve the same level
of patterning discrimination as younger adults, indicating that they were not using the
contextual information of whether a cue was presented in compound or alone.
Age differences vary for different types of cue competition. For example, forward
blocking is an instance in causal learning in which little to no age deficits are seen. When
a cue (A) consistently precedes an outcome event over the course of several trials, people
are able to make an association between the two events and predict the occurrence of the
outcome when the cue appears. After several presentations of that cue – outcome
sequence, a causal association is formed and the cue acquires causal value. Once this
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causal contingency is learned, the original cue (A) is presented in compound with a novel
cue (X), and this new combination produces the same outcome. Because the original cue
(A) was already established as leading to the outcome, no causal value is assigned to the
novel cue (X). This blocking effect is a form of cue competition. Stimulus A “blocks” an
association from forming between stimulus X and the outcome event. Both younger and
older adults exhibit forward blocking (e.g., Holder & Mutter, 2014).
However, age differences are seen in other tasks involving cue competition. In
retrospective revaluation, the presentation order of the single and compound cues is
switched. A compound cue is first associated with an outcome, and then in the next
phase, a single cue from the compound is presented with the outcome. When the single
cue is presented with the outcome, the causal value of the absent cue should be revalued
downward (i.e., backward blocking). Conversely, if the single cue is presented without
the outcome, the causal value of the absent cue should be revalued upward (i.e., recovery
from overshadowing). Mutter, Atchley, and Plumlee (2012) used a two-stage recovery
from overshadowing design in which participants were exposed to unrelated pairs of
foods (i.e., compound cues) followed by an allergic reaction or not (i.e., the outcome).
After the compound cue training phase, a single cue training phase occurred. Finally,
participants rated the causal efficacy of all cues and took a recognition test of cues.
Mutter et al. found that while younger adults retrospectively revalued absent target cues,
older adults did not. Even when the compound cues consisted of commonly paired food
items (e.g., bacon and eggs), older adults still did not revalue absent cues. Using preexisting associations of related food pair items should have made it easier to activate the
representation of the absent cue, but the results of this study indicate that older adults do
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not use such pre-existing associations to revalue absent cues. When relevant cues are
absent, context must be used to activate the representation of the cue, and research
indicates that older adults are not doing this.
The Current Study
Although there is generally more research on aging and context effects in
memory than in learning, the evidence from studies of older adults’ causal and
contingency learning suggests that contextual processing might be a problem in causal
learning. Associative processes and contextual processing are used to acquire and use
causal relationships, and given the aging research on these two important aspects of
causal learning, it seems likely that the extensive age-related associative deficit in
binding item with item and item with context may also be responsible for the deficits that
have been observed in older adults’ causal learning. The purpose of the current study was
to more directly test how associative deficits related to older adults’ contextual
processing affect their causal learning. Based on past research, it was hypothesized that
older adults would be less likely than younger adults to acquire and use contextual
information in causal learning.
To test the hypothesis that older adults show deficits in contextual processing in a
causal learning scenario, a causal learning task from Boddez et al. (2011, Exp. 2) was
used. In this task, participants were introduced to a scenario where they had to determine
how a magician’s lightning machine worked. The machine had eight buttons, each a
different shape and color, and pressing a button or a combination of two buttons (i.e., the
cue) resulted in a single lightning bolt, a double lightning bolt, or no lightning bolt (i.e.,
the outcome). In each trial, one or two buttons were filled in with their respective color to
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indicate that it was “pressed”. Context was manipulated in this task by varying the
“location” of the cue; that is, the background for the trials was either a circus or a theater.
The background they were first exposed to is referred to as “Context A” and the other is
referred to as “Context B”. After the presentation of a cue, participants used an 11-point
rating scale to indicate how likely they thought lightning was to occur. After selecting
their rating, participants saw what outcome followed.
Participants went through eight fixed blocks, including an additivity pretraining
phase, an elemental training phase, a compound training phase, a first test phase, a
reminder phase, an extinction phase, a second test phase, and a third test phase.
Additivity pretraining consisted of two individual cues that each resulted in an outcome,
as well as the two cues presented together resulting in a double outcome, and a third cue
that did not result in an outcome. Elemental training consisted of trials where a single
target cue resulted in an outcome and trials where another cue did not result in an
outcome. In compound training, multiple cues (i.e., the target cue plus a novel cue or two
novel cues) were presented simultaneously with a single outcome. In the extinction
phase, the target cue that previously resulted in the outcome no longer resulted in the
outcome. Half of the participants completed extinction in the same context as their
elemental and compound cue training (theater – theater or circus – circus) and half
completed extinction in a different context (theater – circus or circus – theater). At each
test phase, participants were given one trial of each relevant cue (i.e., each cue presented
during compound training), and these ratings were used to examine use of contextual
information. Test 1 and Test 2 took place in context A and Test 3 took place in Context
B.
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Boddez et al. (2011) examined context effects through extinction, recovery from
blocking, and renewal, which were measured using participants’ mean expectancy ratings
for relevant cues. An association is formed between a cue and an outcome through
repeated exposures, but extinction of that association can also occur. Extinction is the
procedure of repeatedly presenting the cue without the outcome, and results in reduced
responding. However, extinction is context dependent (e.g., Bouton, 2002). That is, if
extinction takes place in a different context than the context in which the association was
originally acquired, a reduction in responding will only be seen in the extinction context,
whereas in the original learning context, responding will resume (i.e., a renewal effect).
Boddez et al. examined context dependency by comparing expectancy ratings for relevant
cues before and after extinction took place. Ratings of the target cue and the blocked cue
were compared to ratings for each of two control cues that had only been presented in
compound.
At Test 1, the AA group (i.e., the group whose extinction context was identical to
the training context) and the AB group (i.e., the group whose extinction context was
different than the training context) both showed high ratings for the target cue and low
ratings for the blocked cue compared to the two control cues. Furthermore, extinction
was context dependent in that at Test 2, the AA group’s ratings for the target cue
decreased compared to the control cues, whereas the AB group’s ratings remained similar
to ratings at Test 1. Additionally, recovery from blocking was seen in the AA group in
that ratings for the blocked cue increased from Test 1 before extinction to Test 2 after
extinction. Finally, extinction and recovery from blocking was seen in the AB group at
Test 3 in that ratings decreased for the target cue and increased for the blocked cue from
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earlier tests compared to the control cues. Thus, Boddez et al.’s (2011) results indicated
that in a younger adult sample, extinction and recovery from blocking are context
dependent.
By implementing this task in the current study, extinction and recovery from
blocking were used to test younger and older adults’ use of context in causal learning.
With this task, age differences for context-based extinction and recovery from blocking
were examined by comparing ratings for a target cue and a blocked cue with control cues.
By using the same task as Boddez et al. (2011), a known baseline is being provided
against which new younger adult and older adult samples can be compared. It was
hypothesized that, as in Boddez et al.’s study, extinction and recovery from blocking
would be context dependent in a younger adult sample. Ratings for the target cue should
be higher than the control cues and the ratings for the blocked cue should be lower than
the control cues for both the AA group and the AB group at Test 1. At Test 2, it was
predicted that for the AA group, target cue ratings would decrease compared to Test 1
ratings and blocked cue ratings would increase compared to control cues. However,
ratings for the AB group should remain similar from Test 1 to Test 2. Finally, it was
predicted that at Test 3, for the AB group, target cue ratings would decrease and blocked
cue ratings would increase compared to control cues. Because older adults are also
susceptible to blocking, their ratings for the target cue should be higher than the control
cues and ratings for the blocked cue should be lower than the control cues for both the
AA group and the AB group at Test 1. In contrast to the younger adults, if older adults
cannot not associate the context with the cue during extinction training at Test 2, target
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cue ratings should decrease and blocked cue ratings should increase compared to control
cues at both Test 2 and Test 3 for both the AA group and the AB group.
Method
Participants and Design
Seventy-nine individuals participated in this study. Thirty-nine younger adults (24
female) between the ages of 18 and 25 (M = 19.49, SD = 1.9) were recruited through the
WKU Study Board. These participants were undergraduates in the Departments of
Psychology and Psychological Sciences who participated to fulfill a course requirement
or to receive extra credit. Younger adults received one study board credit per half hour
they contributed to the study. Forty older adults (20 female) between the ages of 60 and
88 (M = 69.8, SD = 6.45) were recruited from the community of Warren County,
Kentucky using volunteer databases managed by the research labs in the Department of
Psychological Sciences. Older adults had to pass the Telephone Mini-Mental State
Examination, to screen for cognitive impairment. Older adults were compensated at a rate
of $15.00 per hour. The only additional exclusionary criterion for all participants was that
they could not be colorblind, as color was an important aspect of the cues used in the
experimental task. Colorblindness was assessed in the lab using Ishihara’s Test for Color
Blindness (Ishihara, 2006).
This study was a replication and extension of Boddez et al. (2011, Exp. 2) and
used a 2 (age: younger or older) X 2 (extinction context: same or different) X 2 (test
context: same or different) mixed factorial design with age and extinction context as
between-subjects variables and test context as a within-subjects variable. Participants
were randomly assigned to the “same extinction context” group (Group AA) or the
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“different extinction context” group (Group AB). The dependent variable was the cue outcome expectancy ratings.
Materials
The causal learning task was programmed in SuperLab and was administered on
an iMac. Participants saw eight buttons in a single row with different geometric shapes
(cues) overlaid on a background context of either a theater or a circus. Contexts were
counterbalanced such that Context A was the theater for half of the participants and was
the circus for the other half. An image of a magician was displayed beside the machine
(see Figure 2 below). The shapes included a brown parallelogram, a pink hexagon, a
yellow triangle, a blue pentagon, a green circle, a black trapezoid, a turquoise square, and
a purple cross. Participants were told that the buttons were for the magician’s lightning
machine and that their goal was to determine which buttons (cues) produced a lightning
bolt (outcome) and which buttons did not. When a button was “pressed” by the magician,
the shape would “light up” with its respective color. During each trial, one or two of the
buttons was “pressed”.

Figure 2. An image of the first screen of a trial. In this example, the yellow triangle is
pressed and the context is the circus.
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Nineteen hundred milliseconds after the onset of the cue, an 11-point rating scale
appeared at the bottom of the screen. The lower anchor on this rating scale, 0, was
labeled “no lightning”, the midpoint, 5, was labeled “I don’t know” and the upper anchor,
10, was labeled “yes, lightning”. None of the other numerical responses were labeled;
however, participants could use any number on the scale. Participants indicated their
prediction of how likely they thought lightning was to occur after a cue by selecting the
number that corresponded to their rating. The cues remained on the screen until
participants made their selection. Immediately after selecting a rating, the outcome was
presented on the screen for 2,500 milliseconds. The outcome screen consisted of one
black lightning bolt, two black lightning bolts, or an empty space, each framed by red
stage curtains. Intertrial intervals lasted for 1,500 milliseconds and consisted of a white
screen.
During the causal learning task, participants completed eight blocks in a fixed
order: an additivity pretraining phase, an elemental training phase, a compound training
phase, a first test phase, a reminder phase, an extinction phase, a second test phase, and a
third test phase. The trials within each block were randomized. In the elemental training
phase, participants received trials in which a single target cue resulted in an outcome and
trials where a different single cue did not result in an outcome. In the compound training
phase, multiple cues (i.e., the target cue plus a novel cue or two novel cues) were
presented simultaneously and resulted in a single outcome. In the extinction phase, the
target cue that previously resulted in the outcome no longer resulted in the outcome.
Participants either completed extinction training in the same context as their elemental
and compound cue training (theater – theater or circus – circus) or they completed
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extinction in a different context (theater – circus or circus – theater). In each test phase,
participants were given one trial of each relevant cue (i.e., each individual cue presented
during compound training) where they used the information they learned about the
associations of specific cues with the outcome to predict whether each cue led to an
outcome. Unlike in the training phases, participants did not see the outcome after
indicating their ratings in the test phases; instead, they saw closed stage curtains.
The cues were partially counterbalanced such that the following cues were
constant across all participants: H = cross; Z = square; G = trapezoid; B = circle. Cues A,
X, K, and L were counterbalanced. Cue A served as the target cue with cue X being the
blocked cue. Cues K and L were control cues. Cues were laid out on the screen such that
on any compound trial, the two cues were separated by at least one other button. In the
first counterbalancing condition, the parallelogram was cue A and the triangle was cue X.
In the second counterbalancing condition, cues A and X were reversed. In the third
counterbalancing condition, the hexagon was cue A and the pentagon was cue X. In the
fourth counterbalancing condition, cues A and X were again reversed. The remaining
cues were cues K and L in each counterbalancing condition. The cues that were presented
in each block are summarized in Table 1.
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Table 1
Design Summary of the Experiment
Group

Pretraining

Elemental
Training

Compound
Training

Test 1

Reminder
Training

AA

6G+, 6H+,
6GH++, 6Z(Context A)

6A+, 6Z(Context A)

6AX+, 6KL+, 6Z(Context A)

1A, 1X,
1K, 1L
(Context A)

1AX+,
1KL+
(Context A)

AB

Extinction
Training
6A-, 6Z(Context A)

Test 2

Test 3

1A, 1X, 1K,
1L, 1Z
(Context A)

1A, 1X, 1K,
1L, 1Z
(Context B)

6A-, 6Z(Context B)
Note. Alphabetic characters represent cues; - = no outcome was presented; + = an outcome was presented; ++ = a double
outcome was presented; numerals refer to the number of trials. The context in which the training was conducted in each
phase is indicated in parentheses.
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Other measures. Older adults completed the Mini-Mental State Examination,
administered via telephone, to screen for cognitive impairment before scheduling a
session. In the lab, Ishihara’s Test for Colorblindness (Ishihara, 2006) was administered
to confirm that participants were not colorblind and were able to participate in the
experiment. Participants were asked to fill out a Biographical and Health questionnaire to
ensure that the younger and older adult samples were representative of their respective
populations. Following the experimental task, the experimenters asked participants what
they thought of the task, then asked them to rate the difficulty of the task on a scale of 110 and if there was anything that helped or hurt their performance on the experimental
task. These follow up questions were an attempt to determine participants’ awareness of
the role that context played in the task. Additional tasks were completed after the
experimental task to assess general cognitive ability. The Advanced Vocabulary Test was
given to measure acquired verbal knowledge (Ekstrom, French, Harman, & Dermen,
1976). The Digit Symbol Substitution task and the Digit Symbol Incidental Learning task
measured processing speed and associative learning and memory, respectively (Wechsler,
1997). The Conditional Associative Learning test measured aptitude for learning
associations (Salthouse, 1994). Reading Span measured working memory (Daneman &
Carpenter, 1980). Reading Span was the only task that was completed on the computer.
All other measures were completed with paper and pencil.
Procedure
Participants completed all of the tasks in a single session unless they had recently
participated in a concurrent study; if so, they completed the experimental task and the
Digit Symbol test during a second visit to WKU’s Cognition Lab. Participants were
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tested individually. After passing the colorblindness test, participants read and signed the
informed consent document, which gave them basic information about the study and
informed them of their rights as a participant. After obtaining consent, the experimenter
administered a biographical questionnaire. This questionnaire included information about
participants’ demographics and recent medical history.
Once the biographical questionnaire was completed, the experimenter read the
instructions for the experimental task to the participants, and the instructions were also
shown on the computer screen. The script for the instructions can be found in Appendix
A. During each trial, one or two buttons (cues) were pressed, after which the participants
were asked to rate on an 11-point scale how likely they thought lightning (outcome) was
to occur. The outcome (i.e., lightning or no lightning) appeared immediately after the
participants selected their rating. If one button that produced the outcome was pressed,
then a single lightning bolt appeared. If two buttons that each individually produced
lightning were pressed simultaneously on a given trial, then two lightning bolts appeared.
During test trials, the red stage curtains remained closed, and the participants did not see
whether or not the outcome occurred. The learning task lasted approximately 10-20
minutes.
In the pretraining phase, the participants were shown 24 trials to familiarize them
with the task. There were six trials where cue G was presented with the outcome, six
trials where cue H was presented with the outcome, six trials where cues G and H were
presented simultaneously with a double outcome, and six trials where cue Z was
presented without the outcome. The cues presented in the pretraining phase were constant
across all participants. Cues in the next seven phases that did not appear in pretraining
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were counterbalanced. In the elemental training phase, cue A was presented six times
with the outcome and cue Z was presented six times without the outcome. Compound
training consisted of six trials where cues A and X were presented together and produced
a single outcome, six trials where cues K and L were presented together and produced a
single outcome, and again, six trials where cue Z was presented without the outcome.
During Test 1, participants were given one trial each for cues A, X, K, and L where they
had to evaluate whether or not the outcome would occur for each of these cues. During
this test phase, the outcome for each trial remained hidden. Participants then received one
trial where cues A and X together resulted in a single outcome and one trial where cues K
and L together resulted in a single outcome as reminder training. Pretraining, elemental
training, compound training, Test 1, and reminder training occurred in context A for all
participants regardless of the group to which they were assigned. Extinction training
consisted of six trials where cue A was presented without the outcome and six trials
where cue Z was presented without the outcome. This phase took place either in context
A or context B, depending on the group to which each participant was assigned. During
Test 2, participants were given one trial each of cues A, X, K, L, and Z where they again
had to evaluate whether or not the outcome would occur for each of these cues. Test 2
took place in context A for all participants. Test 3 was exactly the same as Test 2 except
it took place in context B. During the final two test phases, the outcome again remained
hidden during each trial. Trials within each phase were randomized.
After completing the eight blocks of the experimental task, the experimenter
asked the follow up questions and then administered the Digit Symbol Substitution task,
the Digit Symbol Incidental Learning task, the Advanced Vocabulary Test, the
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Conditional Associative Learning Test, and Reading Span. A summary of participants’
performance on these measures can be found in Table 2. After all of these tasks were
completed, the experimenter read a debriefing to the participants that explained the
purpose of the study. Once the study was over, participants were awarded the appropriate
amount of study board credits or monetary compensation. The entire session lasted
approximately one hour for younger adults and anywhere from one to two hours for older
adults.
Table 2
Mean (Standard Deviation) Performance on Individual Differences Measures

Measure
Digit Symbol Substitution**
Digit Symbol Incidental Learning**
Advanced Vocabulary**
Reading Span**
CAL Successful Responses
CAL Retained Responses**
CAL Forgotten Responses**
CAL Discrimination Failures**
CAL Perseverations*
CAL Unsuccessful Guesses
Note. *p < 0.05. ** p < 0.01.

Younger
78.47 (13.16)
23.81 (4.61)
10.01 (4.68)
2.94 (1.35)
6.53 (2.04)
23.00 (8.89)
2.72 (2.47)
5.03 (5.52)
0.19 (0.47)
2.53 (1.06)

Older
58.17 (17.13)
18.11 (6.44)
18.29 (8.12)
1.97 (1.13)
6.92 (2.12)
13.22 (9.57)
4.50 (2.46)
11.86 (8.58)
0.50 (0.74)
3.00 (1.27)

Results
Three younger adults and four older adults were excluded from analyses because
they did not learn the associations during the elemental and compound training phases.
For the analyses, 18 younger adults were included in each of the AA and AB groups; 16
older adults were included in the AA group and 20 were included in the AB group. Table
3 lists the mean final ratings for each cue in each training phase. As indicated in Table 3,
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younger and older adults learned the elemental training contingencies equally well;
however, younger adults performed better on one of the compound training cues. Data
were analyzed using hypothesis-driven planned comparisons of the mean expectancy
ratings for relevant cues at each test time. All analyses were conducted using an alpha
level of p < .05 as the criterion of significance; η2 indicates partial eta-squared. Mean
ratings for the relevant cues during each of the three test phases can be seen in Figure 3
for younger adults and Figure 4 for older adults.
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Table 3
Mean (Standard Error of the Mean) Rating for Each Trial Type at the End of Each Training Phase

Pretraining
Variable

G

H

GH

Elemental
Z*

A

Z

Compound
AX

KL*

Reminder
Z

AX

KL

Extinction
A*

Z

Younger
AA

10.00 10.00
(0.00) (0.00)

10.00
(0.00)

0.00
9.44
0.00
(0.00) (0.56) (0.00)

10.00
(0.00)

10.00
(0.00)

0.00 10.00 9.72
0.56
0.00
(0.00) (0.00) (0.28) (0.56) (0.00)

AB

9.44 10.00
(0.56) (0.00)

9.44
(0.56)

0.00 10.00 0.00
(0.00) (0.00) (0.00)

10.00
(0.00)

10.00
(0.00)

0.00 10.00 9.72
0.00
0.00
(0.00) (0.00) (0.28) (0.00) (0.00)

AA

8.75
9.38
(0.85) (0.63)

9.44
(0.56)

1.31 10.00 0.44
(0.73) (0.00) (0.44)

9.44
(0.56)

9.44
(0.56)

0.25 10.00 9.38
0.62
0.06
(0.25) (0.00) (0.63) (0.63) (0.06)

AB

9.30
9.30
(0.50) (0.50)

9.60
(0.40)

0.35
9.30
0.00
(0.35) (0.50) (0.00)

9.30
(0.50)

8.05
(0.82)

0.00
9.55
9.30
3.00
0.00
(0.00) (0.45) (0.50) (1.05) (0.00)

Older

Note. *p < 0.05.
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A

X
Cue
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Figure 3. Mean expectancy ratings for relevant cues tested at Test 1, Test 2, and Test 3 in
the AA group (top) and in the AB group (bottom) for the younger adult sample. Error
bars represent the standard error of the means.
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Figure 4. Mean expectancy ratings for relevant cues tested at Test 1, Test 2, and Test 3 in
the AA group (top) and in the AB group (bottom) for the older adult sample. Error bars
represent the standard error of the means.
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Blocking at Test 1
Comparing the mean expectancy ratings for target cue A to KL (i.e., the average of the
two control cues, K and L), and comparing the ratings for blocked cue X to KL at Test 1
assessed blocking. The average of the control cues was used instead of the individual
cues because many participants arbitrarily decided which control cue produced lightning
and which did not. Thus, the average would be equivalent to the individual ratings
expected for the control cues. Mauchly’s test indicated that the assumption of sphericity
had been violated [χ2(2) = 25.61, p = .000]; therefore, the Huynh-Feldt correction was
used (ε = 0.759). A 2 (age) X 2 (context) X 3 (cue) repeated measures analysis of
variance (ANOVA) indicated a main effect of cue, F(1.61, 109.73) = 26.09, p =.000, η2 =
.28. Post hoc comparisons showed that ratings for A were significantly higher than KL,
F(1, 68) = 27.07, p = .000, η2 = .29, and ratings for X were significantly lower than KL,
F(1, 68) = 11.99, p = .001, η2 = .15. An Age X Cue interaction was also present, F(1.61,
109.73) = 5.83, p = .007, η2 = .08, and post hoc comparisons indicated there was a greater
difference between ratings for A and KL for younger adults than for older adults, F(1, 68)
= 6.33, p = .014, η2 = .09. However, blocking was seen in both age groups as expected,
and the effect did not differ for extinction context groups, F(1.61, 109.73) = 1.74, p =
.187, η2 = .03, which was expected as context had not been manipulated at this point.
Statistics for the main effects and interactions from this analysis are in Table 4.
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Table 4
ANOVA Results for A, X, and KL at Test 1

Main Effects and Interactions
F
Age
3.38
Context
0.07
Cue
26.09
Age X Context
0.34
Context X Cue
1.74
Age X Cue
5.83
Age X Context X Cue
0.35
Note. Huynh-Feldt correction was used.

p-value
.070
.794
.000
.564
.187
.007
.661

Partial Eta
Squared
.05
.00
.28
.01
.03
.08
.01

Observed
Power
.44
.06
1.00
.09
.32
.81
.10

Extinction and Renewal at Test 2
Comparing mean expectancy ratings for A from Test 1 to Test 2 assessed
extinction and renewal. Statistics for the main effects and interactions from this analysis
are in Table 5 below. An Age X Context X Test interaction was expected, such that
ratings for A should decrease from Test 1 to Test 2 for the AA group in both age groups;
however, ratings for the younger adult group AB should be similar at Test 1 and Test 2,
but decrease for A for the older adult AB group. A 2 (age) X 2 (context) X 2 (test)
repeated measures ANOVA indicated a main effect of test, F(1, 68) = 90.72, p = .000, η2
= .57, such that A decreased from Test 1 to Test 2 regardless of age or context.
Additionally, there was a main effect of context, F(1, 68) = 8.52, p = .005, η2 = .11, such
that the AB groups gave higher ratings than the AA groups. The expected Age X Context
X Test interaction was not significant, F(1, 68) = 1.30, p = .258, η2 = .02, but there was a
trend for A to not decrease as much for the younger adults in group AB as it did for
younger adult group AA and both older adult context groups. A follow-up 2 (context) X 2
(test) repeated measures ANOVA for younger adults indicated that there was in fact a
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marginally significant Context X Test interaction, F(1, 34) = 3.73, p = .062, η2 = .10,
such that ratings for A decreased more for group AA than group AB.
Table 5
ANOVA Results for Ratings for A from Test 1 to Test 2

Main Effects and Interactions
Test
Age
Context
Age X Test
Age X Context
Context X Test
Age X Context X Test

F
90.72
1.24
8.52
0.33
0.28
1.35
1.30

p-value
.000
.270
.005
.567
.599
.249
.258

Partial Eta
Squared
.57
.02
.11
.01
.00
.02
.02

Observed
Power
1.00
.20
.82
.09
.08
.21
.20

Recovery From Blocking at Test 2
Additionally, changes in X and KL from Test 1 to Test 2 were compared to
examine recovery from blocking, and a 2 (age) X 2 (context) X 2 (test) X 2 (cue)
repeated measures ANOVA revealed a Test X Cue interaction, F(1, 68) = 4.83, p = .031,
η2 = .07, such that regardless of age and context, X increased from Test 1 to Test 2 and
KL decreased. This was expected for younger adult group AA and both older adult
groups because X should be revalued upward as the target cue has been extinguished.
However, this was unexpected for younger adult group AB because the target cue was
extinguished in a different context; thus ratings for X at Test 2 were expected to remain
similar to ratings for X at Test 1 for this group. Additionally, there was a main effect of
age, F(1, 68) = 4.02, p = .049, η2 = .06, such that older adults gave higher ratings for both
X and KL cues at both test times, and a main effect of cue, F(1, 68) = 9.07, p = .004, η2 =
.12, such that X was rated lower than KL. There was also a marginally significant Age X
Test interaction, F(1, 68) = 3.88, p = .053, η2 = .05, such that ratings increased from Test
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1 to Test 2 for younger adults but decreased for older adults. Statistics for the main
effects and interactions from this analysis are in Table 6.
Table 6
ANOVA Results for X vs. KL from Test 1 to Test 2

Main Effects and Interactions
Test
Age
Context
Cue
Age X Test
Age X Context
Age X Cue
Context X Test
Test X Cue
Context X Cue
Age X Context X Test
Age X Context X Cue
Age X Test X Cue
Context X Test X Cue
Age X Context X Test X Cue

F
0.12
4.02
2.69
9.07
3.88
0.28
2.14
0.43
4.83
1.99
2.09
0.00
0.81
0.97
2.24

p-value
.739
.049
.106
.004
.053
.600
.148
.516
.031
.163
.153
.953
.372
.328
.139

Partial Eta
Squared
.00
.06
.04
.12
.05
.00
.03
.01
.07
.03
.03
.00
.01
.01
.03

Observed
Power
.06
.51
.37
.84
.49
.08
.30
.10
.58
.28
.30
.05
.14
.16
.32

Extinction and Renewal at Test 3
Extinction in the AB groups and renewal in the AA groups were assessed by
comparing ratings for A from Test 2 and Test 3. Statistics for the main effects and
interactions from this analysis are in Table 7. A 2 (age) X 2 (context) X 2 (test) repeated
measures ANOVA revealed an Age X Test interaction, F(1, 68) = 4.61, p = .035, η2 =
.06, such that ratings increased from Test 2 to Test 3 for older adults but decreased for
younger adults. There was also a Context X Test interaction, F(1, 68) = 6.19, p = .015, η2
= .08, such that ratings increased for group AA and decreased for group AB. Further,
there was an Age X Context X Test interaction, F(1, 68) = 5.19, p = .026, η2 = .07, such
that while A remained stable from Test 2 to Test 3 for both older adult context groups, A
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decreased for the younger adult group AB and remained stable for younger adult group
AA. This decrease was expected in younger adult group AB because they were being
tested in their extinction context. No change in younger adult group AA was expected
because AAB renewal is hard to achieve.
Table 7
ANOVA Results for Ratings for A from Test 2 to Test 3

Main Effects and Interactions
Test
Age
Context
Age X Test
Age X Context
Context X Test
Age X Context X Test

F

p-value
.172
.397
.086
.035
.991
.015
.026

1.91
0.73
3.04
4.61
0.00
6.19
5.19

Partial Eta
Squared
.03
.01
.04
.06
.00
.08
.07

Observed
Power
.275
.13
.41
.562
.05
.69
.61

Recovery From Blocking at Test 3
Finally, changes in X and KL from Test 2 and Test 3 were compared to examine
recovery from blocking. Statistics for the main effects and interactions from this analysis
are in Table 8. A 2 (age) X 2 (context) X 2 (test) X 2 (cue) repeated measures ANOVA
revealed a marginally significant Age X Context X Test X Cue interaction, F(1, 68) =
3.62, p = .061, η2 = .05. Separating this four-way interaction by age showed that there
were no significant main effects or interactions for younger adults; however, for older
adults there was a significant main effect of context, F(1, 34) = 4.99, p = .032, η2 = .13,
such that group AA made higher ratings than group AB. Further, there was a significant
Context X Cue interaction, F(1, 34) = 9.72, p = .004, η2 = .22, such that older adult group
AA rated X higher than KL and older adult group AB rated X lower than KL. Statistics
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for the main effects and interactions from these analyses are in Table 9 for younger adults
and Table 10 for older adults.
Table 8
ANOVA Results for X vs. KL from Test 2 to Test 3

Main Effects and Interactions
Test
Age
Context
Cue
Age X Test
Age X Context
Age X Cue
Context X Test
Test X Cue
Context X Cue
Age X Context X Test
Age X Context X Cue
Age X Test X Cue
Context X Test X Cue
Age X Context X Test X Cue

F
0.14
0.58
3.48
0.98
0.04
2.80
0.07
0.02
0.56
3.75
0.45
3.56
1.10
0.03
3.62

p-value
.705
.449
.067
.325
.850
.099
.787
.884
.457
.057
.505
.063
.298
.861
.061

Partial Eta
Squared
.00
.01
.05
.01
.00
.04
.00
.00
.01
.05
.01
.05
.02
.00
.05

Observed
Power
.07
.18
.45
.16
.05
.38
.06
.05
.11
.48
.10
.46
.18
.05
.47

Table 9
ANOVA Results for X vs. KL from Test 2 to Test 3 for Younger Adults

Main Effects and Interactions
Test
Context
Cue
Context X Test
Test X Cue
Context X Cue
Context X Test X Cue

F
0.12
0.02
0.64
0.24
1.59
0.00
2.12

p-value
.733
.877
.429
.625
.217
.975
.154
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Partial Eta
Squared
.00
.00
.02
.01
.05
.00
.06

Observed
Power
.06
.05
.12
.08
.23
.05
.29

Table 10
ANOVA Results for X vs. KL from Test 2 to Test 3 for Older Adults

Main Effects and Interactions
Test
Context
Cue
Context X Test
Test X Cue
Context X Cue
Context X Test X Cue

F
0.03
4.99
0.34
0.22
0.05
9.72
1.52

p-value
.866
.032
.561
.642
.831
.004
.226

Partial Eta
Squared
.00
.13
.01
.01
.00
.22
.04

Observed
Power
.05
.58
.09
.07
.06
.86
.22

Discussion
The current study aimed to more directly test how age – related associative
deficits related to contextual processing affect older adults’ causal learning. Based on
past research, the general hypothesis was that older adults would be less likely than
younger adults to acquire and use contextual information in causal learning. Participants
provided outcome expectancy ratings for cues in a causal learning task from Boddez et al.
(2011). These expectancy ratings allowed us to use extinction and renewal following
blocking to assess the use of context information.
Blocking was measured with a test after the elemental and compound training
phases. In the elemental phase, the target cue was presented alone and produced an
outcome. In the compound phase, the target cue was presented with a novel cue and
produced a single outcome. The target cue was established as the cause of the outcome in
elemental training; therefore, no causal value should be acquired by the novel cue. Thus,
the novel cue is “blocked” from gaining causal value. At Test 1, participants rated the
target cue and the blocked cue individually, as well as control cues that were only
presented in compound training. The expected blocking effect was seen, such that the
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target cue A was rated high and the blocked cue X was rated low compared to the control
cue KL. This blocking effect was seen in both younger and older adults regardless of
context group. These results replicate Boddez et al.’s (2011) findings for younger adults
and are consistent with previous research showing that both younger and older adults are
susceptible to the blocking effect (e.g., Hannah, Allan, & Young, 2012; Holder & Mutter,
2014). Additionally, the results of the current study add converging evidence to the aging
literature on the blocking effect by using different stimuli than in previous research.
Extinction and renewal were measured during the second test phase, which
followed extinction training. In extinction training, the target cue no longer resulted in the
outcome. Participants either completed this phase in the same context as the first learning
phase (group AA) or in a different context (group AB). The second test took place in the
original learning context for all participants (i.e., context A), and a renewal effect was
expected in younger adult group AB because their extinction phase was in a different
context (i.e., context B) and extinction is context dependent (Bouton, 2002). In
comparing ratings from Test 1 to Test 2, it was hypothesized that, as in Boddez et al.
(2011), ratings for A would decrease from Test 1 to Test 2 for younger adult group AA,
but remain similar for younger adult group AB. Additionally, it was expected that older
adults’ ratings for A would decrease regardless of context because they would not be able
to use the context information. However, ratings for A decreased from Test 1 to Test 2
regardless of age or context. This was surprising for younger adult group AB because the
renewal effect can be very strong. For example, ABA renewal has been seen following
extensive extinction training (84 trials) after just 8 learning trials (Bouton, 2002).
However, there was a trend for A to not decrease as much for younger adult group AB as
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for younger adult group AA and both older adult context groups. This provides some
evidence that some of the young adults may have used context information; however, a
definitive conclusion cannot be drawn because this evidence is weak. Additionally, there
seems to be no existing research that investigates extinction in older adults. The results of
the current study are therefore the first evidence that there is no age-related change in the
ability to extinguish causal associations.
It was expected that, in comparing changes in X and KL from Test 1 to Test 2,
groups that showed extinction for the target cue (i.e., all groups in the current study)
should also revalue X upward and KL should remain constant. While X increased for
both younger adult context groups and older adult group AA, X decreased for older adult
group AB. Given that ratings for A decreased from Test 1 to Test 2 for all context and
age groups, it not necessarily surprising that both younger adult context groups and older
adult group AA would thus revalue X accordingly. Previous research indicates that older
adults do not retrospectively revalue absent target cues (e.g., Mutter et al., 2012);
however, the results of the current study indicate that some older adults did actually
revalue the causal efficacy of X. However, ratings for X actually decreased in older adult
group AB. Dulsky (1935) suggested that a context change can disrupt learning and result
in reduced recall. This could explain why ratings for X unexpectedly decreased for older
adult group AB following their extinction training in a new context.
In comparing ratings for A from Test 2 and Test 3 to examine extinction in the
younger adult AB group, it was expected that ratings for A would remain stable for both
younger and older adult groups AA, as well as older adult group AB, but decrease for
younger adult group AB. This decrease was expected for younger group AB as Test 3
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took place in the context where the target cue was extinguished for them. Ratings for A
actually increased in both the younger and older adult AA groups from Test 2 to Test 3,
but as stated, this was not a significant change as AAB renewal is difficult to achieve. As
expected, ratings for A remained stable for older adult group AB, as they had already
extinguished the target cue regardless of context in Test 2. Ratings for A decreased in
younger adult group AB, which was also expected. Additionally, it was expected that
from Test 2 to Test 3, ratings for X would increase for younger adult group AB, as they
should revalue it upward because they are being tested in the context where the target cue
was extinguished. However, this was not seen, which is inconsistent with previous
research that shows that younger adults retrospectively revalue absent cues (e.g., Mutter
et al., 2012).
The associative deficit hypothesis (Naveh-Benjamin, 2000) states that older
adults’ deficit in learning and memory is due to their inability to form and retrieve links
between pieces of information. More specifically, although older adults can memorize
individual pieces of information, they cannot combine pieces of information to create a
more complex memory. It was expected that this framework would provide an
explanation for the hypothesized age-related deficit in use of context information in the
current study. However, an aging framework cannot be applied to the findings of the
current study because neither the older adults nor the younger adults appeared to use
context; the younger adults in this study performed similarly to the older adults in that
both age groups demonstrated extinction of the target cue regardless of the extinction
context. This was particularly unexpected for younger adults because the renewal effect
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is a very strong phenomenon, which could mean that the context manipulation in the
current study was not strong enough.
Causal learning research has indicated that older adults are less accurate than
younger adults in making contingency estimates (e.g., Mutter & Williams, 2004). In
particular, when a causal scenario is meaningful, like the one used in the current study, as
compared to an abstract scenario, older adults’ contingency estimates are less accurate
(e.g., Mutter & Plumlee, 2009). Although the differences in younger adults’ and older
adults’ expectancy ratings were not always statistically significant, older adults were
consistently less accurate in their final expectancy ratings for each cue in each learning
phase in the current study. Additionally, in Mutter and Plumlee’s (2014) patterning study,
older adults did not achieve the same level of discrimination as younger adults because
they did not use contextual information about whether a cue was presented alone or in
compound. Similarly, in the current study, many older adults gave the same rating when
KL+ was presented in compound and when K and L were presented individually,
indicating that they were not using contextual information regarding whether a cue was
alone or in compound.
Limitations of the Current Study
Some of the expected effects in this study may not have been observed due to the
lack of clarity of the instructions. Despite being told by the experimenters that the typical
outcome was occurring “behind” the closed curtains in the test phase, some participants
indicated in the follow up questionnaire that they interpreted the closed curtains as a
different outcome. Additionally, some participants made arbitrary judgments about the
control cues in spite of the fact that they were able to choose neutral ratings for these
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cues. Had this not been the case, more accurate comparisons to the control cues could
have been made. A final issue came with some participants misunderstanding the
additivity rule and believing that any two buttons being pressed automatically produced
lightning. This is possibly reflected in the fact that older adults did not learn the
compound cue training contingencies as well as younger adults. The experimenters tried
to correct this belief by reminding participants that it depended on each button’s
individual behavior. Additionally, because both older and younger adults showed
extinction of the target cue regardless of context, the context manipulation used in the
experimental task may not have been strong enough.
The current study tested how associative deficits related to older adults’
contextual processing affected their causal learning. While the expected context effects
were not strong, the current study confirmed previous findings that both younger and
older adults are susceptible to the blocking effect. Additionally, it added to the aging
literature by providing new evidence that older adults show extinction for causal
associations. A follow up study should employ a stronger context manipulation, which
could include giving participants a reason to attend to the context. For example, the
instructions could state that the electricity may be out at one location or another, which
may help differentiate between contexts. Future research may demonstrate the anticipated
context effects by creating a stronger context manipulation, as well as by correcting
uncertainty that participants experienced while completing the experimental task.
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Appendix A
Instructions for the Experimental Task
“Welcome to the experiment! In this experiment, you will meet with a special magician
who is the proud owner of a machine with which he can create lightning. The lightning
machine is a large unit with eight different control buttons. The first button is in the form
of a parallelogram, then comes a button in the shape of a hexagon, followed by buttons in
the form of a triangle, a pentagon, a circle, a trapezoid, a square and a cross. Press
“spacebar” for more instructions. If the magician pushes one or more of the buttons, they
light up, each in their own color. By pushing the right buttons, the magician can create
lightning. Your job is to figure out how the lightning machine works. Press “spacebar”
for more instructions. On the computer screen, the lightning machine is always shown
first with one or two buttons pressed. You need to figure out what will follow according
to the pressed button(s). There are three options in this regard: (1) There will be no
lightning bolt, (2) there is a single lightning bolt or (3) there is a double lightning bolt.
Press “spacebar” for more instructions. You will indicate your prediction on each rating
scale that appears at the bottom of the screen. The scale ranges from 0 to 10, where 0
means "I do not expect any lightning", 5 means "I do not know" and 10 means "I
certainly expect lightning". When using this rating scale, you should not distinguish
between a single lightning bolt and a double lightning bolt. Lightning on the scale can
refer to a single lightning bolt or a double lightning bolt. Press “spacebar” for more
instructions. With the mouse, you can make your prediction by clicking a number on the
rating scale. Please be careful, as you cannot change your answer once you press a
number. Once you make your prediction, you get to see what follows (no lightning, a
single lightning bolt or a double lightning bolt) and can therefore deduce the accuracy of
your prediction. After that, you get to see the lightning machine in another state and you
have to make a new prediction. Press “spacebar” for more instructions. Initially, this
task will require some guesswork, but the idea is that you learn over time what
relationship there is between the pressed buttons and the lightning that follows. A first
important preliminary remark: As noted, pressing buttons can result in (1) no lightning,
(2) a single lightning bolt or (3) a double lightning bolt. The double lightning will be seen
when the magician presses two buttons that each separately cause lightning when
pressed. Press “spacebar” for more instructions. If, for example, pressing an oval button
would lead to lightning and pressing an octagon-shaped button would lead to lightning,
then pressing both at the same time would lead to a double lightning bolt. Press
“spacebar” for more instructions. A second important preliminary remark: Sometimes
the curtain will remain closed and you will not get to see what happens behind the
curtain. That is, you will not see whether pressing the button(s) will result in no lightning,
a single lightning bolt, or a double lightning bolt. This is not bad. When the curtain is
closed, you are simply expected to make your predictions based on what you have
learned earlier. Press “spacebar” for more instructions. A third and final important
preliminary remark: Sometimes you will meet with the magician at another location. If
you have any questions, you can ask now. Press “spacebar” to start the experiment.”
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